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^>«^ ' The Standard Model contribution to — Tf mixing is dominated by the contri- 

' butions of Ught s and d quarks. Neglecting the tiny effects due to b quark, both 

, mass and lifetime differences vanish in the limit of SU{3)f symmetry. Thus, the 

■ main challenge in the Standard Model calculation of the mass and width difference 

' in the — D*^ system is to estimate the size of iS'!7(3) breaking effects. We prove 

that D meson mixing occurs in the Standard Model only at second order in SU{3) 
violation. We consider the possibility that phase space effects may be the domi- 
nant source of SU (3) breaking. We find that y = { AF) / {2F) of the order of one 
^ ' percent is natural in the Standard Model, potentially reducing the sensitivity to 

(— I ^ new physics of measurements of D meson mixing. We also discuss the possibility 

of observing lifetime differences and CP violation in charmed mesons both at the 
currently operating and proposed facilities. 



1. Introduction 

One of the most important motivations for studies of weak decays of 
charmed mesons is the possibiUty of observing a signal from new physics 
which can be separated from the one generated by the Standard Model 
(SM) interactions. The low energy effect of new physics particles can be 
naturally written in terms of a series of local operators of increasing di- 
mension generating AC = 1 (decays) or AC = 2 (mixing) transitions. For 
_D" — mixing these operators, as well as the one loop Standard Model 
effects, generate contributions to the effective operators that change Z?" 
state into Z?*^ state leading to the mass eigenstates 

\D.)^p\D')±q\D')^ (1) 

where the complex parameters p and q are obtained from diagonalizing 
the — D'^ mass matrix. The mass and width splittings between these 
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eigenstates are parameterized by 

m2 - mi - Ti 

x^—^, y^^^' (2) 

where mi, 2 and ri,2 are the masses and widths of D1.2 and the mean width 
and mass are F = (Fi +r2)/2 and m = (mi +m2)/2. Since y is constructed 
from the decays of D into physical states, it should be dominated by the 
Standard Model contributions, unless new physics significantly modifies 
AC = 1 interactions. On the contrary, x can receive contributions from all 
energy scales, so it is usually conjectured that new physics can significantly 
modify x leading to the inequality x ^ y. As we discuss later, this signal 
for new physics is lost if a relatively large y, of the order of a percent, 
is observed. It is known experimentally that — mixing proceeds 
extremely slow, which in the Standard Model is usually attributed to the 
absence of superheavy quarks destroying GIM cancellations^. 

Another possible manifestation of new physics interactions in the charm 
system is associated with the observation of (large) CP-violation. This is 
due to the fact that all quarks that build up the hadronic states in weak 
decays of charm mesons belong to the first two generations. Since 2x2 
Cabbibo quark mixing matrix is real, no CP-violation is possible in the 
dominant tree- level diagrams that describe the decay amplitudes. In the 
Standard Model CP-violating amplitudes can be introduced by including 
penguin or box operators induced by virtual &-quarks. However, their con- 
tributions are strongly suppressed by the small combination of CKM matrix 
elements VcbV*^. It is thus widely believed that the observation of (large) 
CP violation in charm decays or mixing would be an unambiguous sign for 
new physics. This fact makes charm decays a valuable tool in searching for 
new physics, since the statistics available in charm physics experiment is 
usually quite large. 

As in B-physics, CP-violating contributions in charm can be generally 
classified by three different categories: (I) CP violation in the decay am- 
plitudes. This type of CP violation occurs when the absolute value of 
the decay amplitude for D to decay to a final state / [Aj) is different from 
the one of corresponding CP-conjugated amplitude ("direct CP-violation"); 
(II) CP violation in D'^ — mixing matrix. This type of CP violation is 
manifest when i?^ = \p/qf = (2Mi2 - iFi2)/(2Mi*2 - iT^^) ^ 1; and (III) 
CP violation in the interference of decays with and without mixing. This 
type of CP violation is possible for a subset of final states to which both 

and can decay. 
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For a given final state /, CP violating contributions can be summarized 
in the parameter 



A/ — - -7^ — Rr, 
pAf 



(3) 



where Af and Af are the amplitudes for ^ f and D° ^ f transitions 

respectively and S is the strong phase difference between Af and Af. Here 
(j) represents the convention-independent weak phase difference between the 
ratio of decay amplitudes and the mixing matrix. 



2. Present and perspective experimental constraints 

Presently, experimental information about the D'^ — I?° mixing parame- 
ters X and y comes from the time-dependent analyses that can roughly 
be divided into two categories. First, more traditional studies look at 
the time dependence of £> — > / decays, where / is the final state that 
can be used to tag the flavor of the decayed meson. The most popular is 
the non-leptonic doubly Cabibbo suppressed decay (DCSD) D° — » K~^tt~. 
Time-dependent studies allow one to separate the DCSD from the mixing 
contribution D'^ ^ K+tt', 



T[D\t) ^ K+TT-] = e-"|A^-,+ 



2 



d2 

R + \/RR^{y' COS (j)-x' sin (j))rt+^{y'^+x'^)irtf , (4) 

where R is the ratio of DCS and Cabibbo favored (CF) decay rates. Since 
X and y are small, the best constraint comes from the linear terms in t that 
are also linear in x and y. A direct extraction of x and y from Eq. (4) 

is not possible due to unknown relative strong phase S of DCS and CF 
amplitudes-^, as x' = xcosd + ysm6, y' = ycos6 — xsinS. This phase 
can be measured independently^. The corresponding formula can also be 
written^ for D° decay with a;' — > — a;' and Rm — > R^- 

Second, D'^ mixing can be measured by comparing the lifetimes ex- 
tracted from the analysis of D decays into the CP-even and CP-odd final 
states. This study is also sensitive to a linear function of y via 

R^ — 1 



t(D K-Tr+) 

= y cos <p — x sm ( 



(5) 



t{D K+K-) 

Time-integrated studies of the semileptonic transitions are sensitive to the 
quadratic form x"^ + y^ and at the moment are not competitive with the 
analyses discussed above. 
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The construction of a new tau-charm factory at Cornell (CLEO-c) will 
introduce new time-independent methods that are sensitive to a linear func- 
tion of y. In particular, one can use the fact that heavy meson pairs pro- 
duced in the decays of heavy quarkonium resonances have the useful prop- 
erty that the two mesons are in the CP-correlated states^ . By tagging one 
of the mesons as a CP eigenstate, a lifetime difference may be determined 
by measuring the leptonic branching ratio of the other meson. The initial 
D°D° state is prepared as 

\DW)r. = {\D°{k^)W{k2)) + {-lf\D°{k2)D\h))} , (6) 

where L is the relative angular momentum of two D mesons. There are 

several possible resonances at which CLEO-c will be running, for example 
ip{3770) where L = 1 and the initial state is antisymmetric, or -0(4114) 
where the initial D'^ state can be symmetric due to emission of additional 
pion or photon in the decay. In this scenario, the CP quantum numbers of 
the D{k2) can be determined. The semilcptonic width of this meson should 
be independent of the CP quantum number since it is flavor specific. It 
follows that the semileptonic branching ratio of D{k2) will be inversely 
proportional to the total width of that meson. Since we know whether 
D{k2) is tagged as a (CP-eigenstate) £>+ or and _D_ from the decay of D{ki) 
to 5*0-, we can easily determine y in terms of the semileptonic branching 
ratios of D±. This can be expressed simply by introducing the ratio 

^ T[iljL ^ {H ^ S^){H X)] Br{HO XWy ^' ' 

where X in H X stands for an inclusive set of all final states. A deviation 
from = 1 implies a lifetime difference. Keeping only the leading (linear) 
contributions due to mixing, y can be extracted from this experimentally 
obtained quantity, 

ycoscP = {-l)^a^^. (8) 

The current experimental upper bounds on x and y are on the order of 
a few times 10~^, and are expected to improve significantly in the coming 
years. To regard a future discovery of nonzero a; or y as a signal for new 
physics, we would need high confidence that the Standard Model predictions 
lie well below the present limits. As was recently shown®, in the Standard 
Model X and y are generated only at second order in SU (3) breaking, 

a; , y sin 9c X [SU{3) breaking]^ , (9) 
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where Oq is the Cabibbo angle. Therefore, predicting the Standard Model 
values of x and y depends crucially on estimating the size of SU (3) breaking. 
Although y is expected to be determined by the Standard Model processes, 
its value nevertheless affects significantly the sensitivity to new physics of 
experimental analyses of D mixing^. 

Theoretical calculations of x and y, as will be discussed later, are quite 
uncertain, and the values near the current experimental bounds cannot be 
ruled out. Therefore, it will be difficult to find a clear indication of physics 
beyond the Standard Model in I?° — D° mixing measurements alone. The 
only robust potential signal of new physics in charm system at this stage is 
CP violation. 

CP violation in D decays and mixing can be searched for by a vari- 
ety of methods. For instance, time-dependent decay widths for D — > Kw 
are sensitive to CP violation in mixing (see Eq.(4)). Provided that the x 
and y are comparable to experimental sensitivities, a combined analysis of 
D Ktt and D KK can yield interesting constraints on CP-violating 
parameters^. 

Most of the techniques that are sensitive to CP violation make use of 
the decay asymmetry, 



T{D ^ /) - T{D ^ /) 



rt ^ f\ 1 



2 



Acp{f) = ^ — ; , ; = — 2 • (10) 



T{D^ f)+T{D^ f) ^ 



Most of the properties of Eq.(lO), such as dependence on the strong final 
state phases, are similar to the ones in B-physics''. Current experimental 
bounds from various experiments, all consistent with zero within experi- 
mental uncertainties, can be found in^. 

Other interesting signals of CP- violation that are being discussed in 
connection with tau-charm factory measurements are the ones that are 
using quantum coherence of the initial state. An example of this type of 
signal is a decay (D^D^) /1/2 at ^(3770) with /i and /2 being the 
different final CP-eigenstates with CP\fi) = CP I/2). This type of signals 
arc very easy to detect experimentally. It is easy to compute this CP- 
violating decay rate for the final states fi and /2 

P _ {2 + x^-y^)\Xf,-Xff + {x'+y^)\l-Xf,Xf,\' 

The result of Eq. (11) represents a generalization of the formula given in 
Ref. ®. It is clear that both terms in the numerator of Eq. (11) receive 
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contributions from CP-violation of the type I and III, while the second 
term is also sensitive to CP-violation of the type II. Moreover, for a large 
set of the final states the first term would be additionally suppressed by 
SU{S) symmetry. For instance, X^ttt = ^kk in the SU{3) symmetry limit. 
It is easy to see that only the second term survives if only CP violation in 
the mixing matrix is retained, F/j/^ cx |l — cx A^. This expression 

is of the second order in CP-violating parameters. As it follows from the 
existing experimental constraints on rate asymmetries, CP-violating phases 
are quite small in charm system, regardless of whether they are produced 
by the Standard Model mechanisms or by some new physics contributions. 
In that respect, it looks unlikely that the SM signals of CP violation would 
be observed at CLEO-c with this observable. 

While the searches for direct CP violation via the asymmetry of Eq. (10) 
can be done with the charged D-mesons (which are self-tagging), investi- 
gations of the other two types of CP-violation require flavor tagging of the 
initial state. This severely cuts the available dataset. It is therefore inter- 
esting to look for signals of CP violation that do not require identification 
of the initial state. One possible CP-violating signal involves the observable 
obtained by summing over the initial states, = Fj -|- F^ for i = f,f. A 

CP-odd observable that can be formed out of J2 is an asymmetry 



Note that this asymmetry does not require quantum coherence of the initial 

state and therefore is accessible in any D-physics experiment. The final 
states must be chosen such that A^p is not trivially zero. As we shall 
see below, decays of D into the final states that are CP-eigenstates would 
result in zero asymmetry, while the final states like K^K*~ or Kstt^tt~ 
would not. A non-zero value of A^/.p in Eq. (12) can be generated by both 
direct and indirect CP-violating contributions. These can be separated by 
appropriately choosing the final states. For example, indirect CP violating 
amplitudes are tightly constrained in the decays dominated by the Cabibbo- 
favored tree level amplitudes, while singly Cabibbo suppressed amplitudes 
also receive contributions from direct CP violating amplitudes. Neglecting 
small CP- violation in the mixing matrix {Rm — * 1) one obtains, 




(12) 




Tf+Fj + Tf+Tj Tf + Tj + Tf+Tj 



X cos 4> (ReAfAj - ReAfAjj + sin^ (imAfAj + ImAfAjj (13) 
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It is easy to sec that, as promised, this asymmetry vanishes for the final 
states that are CP-eigenstates, as F/ = Fj and F/ — Fy = F-yr— F/. 

3. Theoretical expectations for mixing parameters 

Theoretical predictions of x and y within and beyond the Standard Model 
span several orders of magnitude^'^. Roughly, there are two approaches, 
ncntlwT of wliic;li give very reliable results because m,; is in some sense 
intermediate between heavy and hght. The "inclusive" approach is based on 
the operator product expansion (OPE). In the nic^ ^ limit, where A is a 
scale characteristic of the strong interactions, AM and AF can be expanded 
in terms of matrix elements of local operators^^. Such calculations yield 
x,y < 10~^. The use of the OPE relies on local quark- hadron duality, and 
on A/rric being small enough to allow a truncation of the series after the 
first few terms. The charm mass may not be large enough for these to be 
good approximations, especially for nonleptonic D decays. An observation 
of y of order 10~^ could be ascribed to a breakdown of the OPE or of 
duality, but such a large value of y is certainly not a generic prediction of 
OPE analyses. The "exclusive" approach sums over intermediate hadronic 
states, which may be modeled or fit to experimental data^^. Since there 
are cancellations between states within a given SU{3) multiplet, one needs 
to know the contribution of each state with high precision. Howevcir. the 
D is not light enough that its decays arc dominated by a few final states. 
In the absence of sufficiently precise data on many decay rates and on 
strong phases, one is forced to use some assumptions. While most studies 
find x,y < 10~^, Refs.-'^^ obtain x and y at the 10~^ level by arguing that 
SU{3) violation is of order unity, but the source of the large SU{3) breaking 
is not made explicit. 

In what follows we first prove that 1?° — mixing arises only at second 
order in SU (3) breaking effects. The proof is valid when SU (3) violation 
enters perturbatively. This would not be so, for example, if D transitions 
were dominated by a single narrow resonance close to threshold^' Then 
we argue that reorganization of "exclusive" calculation by explicitly build- 
ing SU (3) cancellations into the analysis naturally leads to values of y ~ 1% 
if only one source of SU{3) breaking (phase space) is taken into account. 

The quantities M12 and F12 which determine x and y depend on matrix 
elements {D^\H.u,H.a, \D^) , where Hw denote the AC = —1 part of the 
weak Hamiltonian. Let D be the field operator that creates a I?" meson 
and annihilates a £>°. Then the matrix element, whose SU{3) flavor group 
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theory properties we will study, may be written as 

{0\DH^H^D\0). (14) 

Since the operator D is of the form cu, it transforms in the fundamental 
representation of 5?7(3), which we will represent with a lower index, Z?^. We 
use a convention in which the correspondence between matrix indexes and 
quark flavors is (1, 2, 3) = {u, d, s). The only nonzero element of Di is Di = 
1. The AC = — 1 part of the weak Hamiltonian has the flavor structure 
{qic){qjqk), so its matrix representation is written with a fundamental index 
and two antifundamentals, H^^ . This operator is a sum of irreps contained 
in the product 3x3x3 = 15 + 6 + 3 + 3. In the limit in which the third 
generation is neglected, if^"* is traceless, so only the 15 and 6 representations 
appear. That is, the AC = — 1 part of Hyj may be decomposed as ^(Ojg + 
Oq), where 

Ojg- = {sc){ud) + {uc){sd) + si{dc){ud) + si{uc){dd) 

— Si{sc){us) — si{uc){ss) — sf{dc){us) — .s^{uc){ds) , 
Oe = {sc){ud) — {uc){sd) + si{dc){ud} — si{uc){dd) 

— Si{sc){us) + si{uc){ss) — Si{dc){us) + sl{uc){ds) , (15) 

and si = sin^c. The matrix representations H(15y^ and H{6y^ have 
nonzero elements 





Hi' 


= Hf = 1 




Hl^ 


= Hi' = Sl , 






= Hf = - 




HP 


= HI' = -sl , 


mr^ ■■ 


Hi' 


= -Hf = 


1, 


Hi' 


= -Hi' = Sl , 




Hi' 


= -HI' = 




HP 


= -Hi' = -sl 



(16) 



We introduce SU (3) breaking through the quark mass operator M, whose 
matrix representation is Mj = diag(TOu, m^, TOs) as being in the adjoint 
representation to induce SU{3) violating effects. We set m„ = md = 
and let uis ^ be the only SU{3) violating parameter. All nonzero matrix 
elements built out of D^, and Mj must be SU{3) singlets. 

We now prove that — mixing arises only at second order in SU (3) 
violation, by which we mean second order in mg. First, we note that the 
pair of D operators is symmetric, and so the product DiDj transforms as 
a 6 under SU{2>). Second, the pair of H^s is also symmetric, and the 
product H]^ H!^ is in one of the reps which appears in the product 

[(T5 + 6)x (T5 + 6)]^ = (T5xT5)s + (15x6) + (6x6)s (17) 
= (60 + 24+15 + 15' + 6) + (42 + 24 + 15 + 6 + 3) + (15' + 6). 
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A direct computation shows that only three of these representations actu- 
ally appear in the decomposition of HwHw They are the 60, the 42, and 
the 15' (actually twice, but with the same nonzero elements both times). 
So wc have product operators of the form (the subscript denotes the rep- 
resentation of SU{i)) 

DD = De, H^H^ = + O42 + Oi5' . (18) 

Since there is no 6 in the decomposition oiHyjHyj, there is no SU{2i) singlet 
which can be made with Dg, and no SU{2>) invariant matrix element of the 
form (14) can be formed. This is the well known result that — 
mixing is prohibited by SU{'S) symmetry. Now consider a single insertion 
of the SU{3) violating spurion M. The combination DqM transforms as 
6 X 8 = 24 + 15 + 6 + 3. There is still no invariant to be made with HyjHy,, 
thus D'^ — D'^ mixing is not induced at first order in SU{3) breaking. With 
two insertions of M, it becomes possible to make an SU{3) invariant. The 
decomposition of DMM is 

6 X (8 X 8)s = 6 X (27 + 8+ 1) (19) 
= (60 + 42 + 24 + T5 + 15' + 6) + (24 + 15 + 6 + 3) + 6. 

There are three elements of the 6 x 27 part which can give invariants with 
HwHw Each invariant yields a contribution to — mixing propor- 
tional to s\m^g. Thus, — Z?" mixing arises only at second order in the 
SU{3) violating parameter TOj. 

We now turn to the contributions to y from on-shell final states, which 
result from every common decay product of and D'^. In the SU (3) limit, 
these contributions cancel when one sums over complete SU (3) multiplets 
in the final state. The cancellations depend on SU{3) symmetry both in 
the decay matrix elements and in the final state phase space. While there 
arc SU(3) violating corrections to both of those, it is difficult to compute 
the SU (3) violation in the matrix elements in a model independent manner. 
Yet, with some mild assumptions about the momentum dependence of the 
matrix elements, the SU{3) violation in the phase space depends only on the 
final particle masses and can be computed. We estimate the contributions 
to y solely from SU{3) violation in the phase space. We find that this 
source of SU{3) violation can generate y of the order of a few percent. 

The mixing parameter y may be written in terms of the matrix elements 
for common final states for and 1)° decays, 

2/ = f E / P-S-l" I^X^I ' (20) 
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where the sum is over distinct final states n and the integral is over the 
phase space for state n. Let us now perform the phase space integrals and 
restrict the sum to final states F which transform within a single SU{3) 
multiplet R. The result is a contribution to y of the form 



where pn is the phase space available to the state n, r/cp = ±1 ^- In the 
SU{3) limit, all the 

Pn the same for n G Fji^ and the quantity in braces 
above is an SU{3) singlet. Since the p„ depend only on the known masses 
of the particles in the state n, incorporating the true values of p„ in the 
sum is a calculable source of SU (3) breaking. 

This method does not lead directly to a calculable contribution to y, 
because the matrix elements {n\Hyj\D^) and {D^\Hyj\n) are not known. 
However, CP symmetry, which in the Standard Model and almost all sce- 
narios of new physics is to an excellent approximation conserved in D de- 
cays, relates {D^\Hyj\n) to {D^\Hy,\n). Since \n) and |n) are in a common 
SU{3) multiplet, they are determined by a single effective Hamiltonian. 
Hence the ratio 



is calculable, and represents the value which y would take if elements of 

Fp were the only channel open for decay. To get a true contribution to 
y, one must scale yF,R to the total branching ratio to all the states in Fr. 
This is not trivial, since a given physical final state typically decomposes 
into a sum over more than one multiplet Fr. The numerator of yF,R is of 
order while the denominator is of order 1, so with large SU{3) break- 
ing in the phase space the natural size of yF,R is 5%. Indeed, there are 
other SU{3) violating effects, such as in matrix elements and final state 
interaction phases. Here we assume that there is no cancellation with other 
sources of SU (3) breaking, or between the various multiplets which occur 
in D decay, that would reduce our result for y by an order of magnitude. 
This is equivalent to assuming that the D meson is not heavy enough for 
duality to enforce such cancellations. Performing the computations of yF,R, 
we see^ that effects at the level of a few percent are quite generic. Our re- 
sults are summarized in Table 1. Then, y can be formally constructed from 




(21) 



yF,R = 



J:neFjD°\Hn.\n)Pn{n\H^\D') 
Zne^JDOl Hjn)p^{n\H^\DO) 

EneFjD"\H^\n)pn{n\H^\D°} 



(22) 



February 1, 2008 19:7 Continuous Advances In QCD 2002 / ARKADYFEST 



petrov 



11 



the individual yF,R by weighting them by their branching ratios, 



However, the data on D decays are neither abundant nor precise enough 
to disentangle the decays to the various SU{3) multiplets, especially for 
the three- and four-body final states. Nor have wo computed ypji for all 
or even most of the available representations. Instead, we can only esti- 
mate individual contributions to y by assuming that the representations 
for which we know yF,R to be typical for final states with a given multi- 
plicity, and then to scale to the total branching ratio to those final states. 
The total branching ratios of to two-, three- and four-body final states 
can be extracted from the Review of Particle Physics^^. Rounding to the 
nearest 5% to emphasize the uncertainties in these numbers, we conclude 
that the branching fractions for PP, {VV)s--w8ive, (y^)d-wa,ye ^^'^ ^P' 
proximately amount to 5%, while the branching ratios for PV and 4P are 
of the order of 10%^. 

We observe that there are terms in Eq. (23), like nonresonant 4P. which 
could make contributions to y at the level of a percent or larger. There, the 
rest masses of the final state particles take up most of the available energy, 
so phase space diff'erences are very important. One can see that y on the 
order of a few percent is completely natural, and that anything an order 
of magnitude smaller would require significant cancellations which do not 
appear naturally in this framework. Cancellations would be expected only 
if they were enforced by the OPE, or if the charm quark were heavy enough 
that the "inclusive" approach were applicable. The hypothesis underlying 
the present analysis is that this is not the case. 

4. Conclusions 

We proved that if SU{3) violation may be treated perturbatively, then 
jjo _ £)0 j-^jxing in the Standard Model is generated only at second order 
in SU (3) breaking effects. Within the exclusive approach, we identified an 
SU{3) breaking effect, SU{3) violation in final state phase space, which 
can be calculated with minimal model dependence. We found that phase 
space effects alone provide enough SU{3) violation to induce y 10~^. 
Large effects in y appear for decays close to D threshold, where an analytic 
expansion in SU{3) violation is no longer possible. 

Indeed, some degree of cancellation is possible between different mul- 
tiplets, as would be expected in the mc — > oo limit, or between SU{3) 




(23) 
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Final state representation 


yF,R/sl 


yF,B. (%) 


PP 


8 


-0.0038 


-0.018 




27 


-0.00071 


-0.0034 


PV 


8a 


0.032 


0.15 




8s 


0.031 


0.15 




10 


0.020 


0.10 




To 


0.016 


0.08 




27 


0.04 


0.19 


(Vy)s-wave 


8 


-0.081 


-0.39 




27 


-0.061 


-0.30 


{VV)p-wa.ve 


8 


-0.10 


-0.48 




27 


-0.14 


-0.70 


(^^)d-wave 


8 


0.51 


2.5 




27 


0.57 


2.8 


(3P)s-wave 


8 


-0.48 


-2.3 




27 


-0.11 


-0.54 


(3P)j3-wave 


8 


-1.13 


-5.5 




27 


-0.07 


-0.36 


i^^) form- factor 


8 


-0.44 


-2.1 




27 


-0.13 


-0.64 




8 


3.3 


16 




27 


2.2 


11 




27' 


1.9 


9.2 



breaking in phase space and in matrix elements. It is not known how ef- 
fective these cancellations are, and the most reasonable assumption in light 
of our analysis is that they are not significant enough to result in an order 
of magnitude suppression of y, as they arc not enforced by any symmetry 
arguments. Therefore, any future discovery of a D meson width difference 
should not by itself be interpreted as an indication of the breakdown of the 
Standard Model. 

At this stage the only robust potential signal of new physics in charm 
system is CP violation. We discussed several possible experimental observ- 
ables that are sensitive to CP violation. 
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